Community water fluoridation is a WHO recommended strategy to prevent dental carries. One debated concern is that hydrofluorosilicic acid, used to fluoridate water, contains arsenic and poses a health risk. This study was undertaken to determine if fluoridation contributes to arsenic in drinking water, to estimate the amount of additional arsenic associated with fluoridation, and compare this to the National Sanitation Foundation/American National Standards Institute (NSF/ANSI) standard and estimates from other researchers. Using surveillance data from Ontario drinking water systems, mixed effects linear regression was performed to examine the effect of fluoridation status on the difference in arsenic concentration between raw water and treated water samples. On average, drinking water treatment was found to reduce arsenic levels in water in both fluoridated and nonfluoridated systems by 0.2 μg/L. However, fluoridated systems were associated with an additional 0.078 μg/L (95% CI 0.021, 0.136) of arsenic in water when compared to non-fluoridated systems (P ¼ 0.008) while controlling for raw water arsenic concentrations, types of treatment processes, and source water type. Our estimate is consistent with concentrations expected from other research and is less than 10% of the NSF/ANSI standard of 1 μg/L arsenic in water. This study provides further information to inform decision-making regarding community water fluoridation.
INTRODUCTION
Community water fluoridation is the addition of fluoride to a public drinking water supply to prevent dental caries (Mullen ) . According to Health Canada, the optimal concentration of fluoride in drinking water is 0.7 mg/L for communities that wish to fluoridate water for dental health (Health Canada ). The fluoride additives used to accomplish this may contain impurities, one of which is arsenic. These additives are subject to a system of standards, testing, and certification by the National Sanitation Foundation/American National Standards Institute (NSF/ANSI), a non-profit, non-governmental organization. The NSF/ANSI standard 60 limits arsenic in fluoride additives to produce no more than 1 μg/L in water that has been treated to achieve 1 mg/L of fluoride (NSF International ). All drinking water systems in Ontario that fluoridate their water are required to use fluoride additives that meet NSF/ANSI standard 60.
In the province of Ontario, Canada, each municipality makes the decision about whether or not to fluoridate its water. Public concerns have resulted in some community drinking water systems discontinuing the addition of fluoride (Ontario Ministry of Health and Long-Term Care ).
One of the debated concerns regarding community water fluoridation is that the hydrofluorosilicic acid used to
METHODS

Data sources
Publicly available data were obtained from the Ontario Samples are tested for more than 270 inorganic, organic, and radiological water quality parameters. Results are stored electronically and transferred to a database where they are subject to screening and verification to ensure quality controlled data. Once verified, the data are publicly released. Treatment process information was also obtained from the MOECC for each drinking water system, and this was linked to the DWSP sampling data using the DWSP ID. Any missing treatment and source water information was then obtained directly from the drinking water system report.
During this time period 8,756 sampling results of arsenic (n ¼ 5,218) and fluoride (n ¼ 3,538) concentrations in raw, treated and distribution water were obtained for 131 drinking water systems across Ontario. This included 1,998 raw water arsenic measurements, 1,610 treated water arsenic measurements and 1,610 distribution water arsenic measurements. Only raw and treated arsenic samples were used for this analysis. Raw water arsenic samples were matched with treated water samples that were taken on the same day or the day after the raw water measurement, within the same treatment plant. Data from matched samples were retained for analysis (n ¼ 1,517).
Samples were excluded from the analysis if they contained a mixture of fluoridated and non-fluoridated water, or if their fluoridation status was unclear, to ensure the accurate categorization of fluoridation status. Similarly, individual treatment plants that had water drawn from both ground and surface water sources were excluded from the analysis, given that the proportion of ground and surface water mixing was unknown. One treatment plant was removed from the final analysis because the measured arsenic concentrations for that plant were extremely variable, and treated arsenic concentrations for the plant were unusually low in comparison to the raw water concentrations on the same day, given that the plant has no known treatment for arsenic. A sensitivity analysis was performed to determine the impact of this plant on the final results. After these exclusions, the final data set contained 1,329 paired raw and treated arsenic samples in 121 drinking water systems (Figure 1 ).
Relevant variables
The fluoridation status of each drinking water system was established by comparing fluoride concentrations in treated and raw samples. This was checked against the MOECC classification of these same systems. Where there was disagreement between these two methods, the actual drinking water system report for the relevant plant was obtained to get the plant description and chemicals used. This report was then used to provide the final classification of fluoridation status. 
RESULTS
The 1,329 samples used in the analysis were split nearly evenly between systems that add fluoride (49%) and those that do not (51%) ( Table 1) concentrations between water entering the drinking water system and treated water (treated minus raw) while controlling for multiple factors (Table 2) Information System ). All drinking water systems in this study were compliant with the Canadian drinking water guideline for arsenic of 10 μg/L (Health Canada ), and the estimated amount attributable to fluoridation from this study is less than 1% of this guideline.
Factors other than fluoridation appear to account for a large portion of arsenic levels in the drinking water systems in our study. One important point to note is that arsenic concentrations decreased on average between raw and treated samples in both fluoridated (0.17 μg/L) and non-fluoridated systems (0.22 μg/L) ( Table 1 ), suggesting that treatment processes in Ontario are removing arsenic to some extent, even if they are not optimized to do so. Our model suggests that for every 1 μg/L increase in raw water arsenic levels, the treatment process is expected to remove 0.55 μg/L on average while controlling for all other model variables.
Therefore, our findings suggests that the average removal efficiency of arsenic for the treatment systems in our study was 55%, after adjustment for fluoridation status, treatment type and source water.
We chose the difference between raw and treated arsenic concentrations as the outcome variable for several reasons. of fluoride in our study was 0.53 mg/L in the treated water of fluoridated systems. There was also a natural background concentration of fluoride present in nearly all drinking water systems in our study, with an average raw fluoride concentration of 0.07 mg/L in fluoridated systems. Taken together, this suggests that the amount of fluoride that is actually added is less than would be estimated when the expectation is that all systems fluoridate to 0.7 mg/L and that the additive is the only source of fluoride.
There are also a number of limitations to our study. The DWSP sample is based on volunteer drinking water systems and therefore does not cover all of the municipal drinking water systems in Ontario and may or may not be a representative sample. However, systems are chosen for participation based on multiple factors including the geographic location, surrounding land use, source water type, and type of treatment used. In addition, water samples are collected by different people in each system and may be collected by different people within the same system; however, the sampling approach for the DWSP is standardized across the participating systems. The samples were also not analyzed to measure differences in particulate arsenic versus dissolved arsenic or different valence states of arsenic (As(III) vs. As(V)). To account for this, we controlled for many important factors including the treatment type, water source, and baseline raw water arsenic concentrations. Finally, our conclusions are limited to arsenic in fluoride additives that are NSF/ANSI certified, as required in Ontario. Given that the analysis was performed using Ontario data, caution must be exercised when results are generalized to other jurisdictions. Despite these limitations, our study is the first to our knowledge to look at the effect of fluoridation on arsenic concentrations in finished water across numerous drinking water systems, which can provide a more accurate estimate than measuring concentrations of arsenic in fluoridation chemicals.
CONCLUSIONS
The decision to add fluoride to a drinking water system or to stop fluoridating a system involves weighing a number of benefits, harms and costs. The potential health consequences from the unintended increase in arsenic is one consideration in such a decision. Our study provides information for greater clarity on this issue to help inform decision making regarding community water fluoridation.
